INTRODUCTION
found that the component of the acrosome which is stained in the periodic acid-Schiff (pas) reaction could be removed from guinea-pig spermatozoa by extraction with 0-1 N-NaOH. Hathaway & Hartree (1963) showed that acrosomes can be removed from washed ram spermatozoa as effectively by 0-01 N-NaOH as by 0-1 N-NaOH; within that range of concentrations there was very little variation in the quantities of nitrogen and of orcinol-reactive sugar that passed into the alkaline extracts. This was taken as evidence that a discrete unit, the acrosome, was being dissolved. The possibility remained that material other than that present in the acrosome was simultaneously dissolved from the sperm cell in quantities which were also independent of the concentration of alkali. It was shown in the same paper that treatment of ram spermatozoa with hexadecyltrimethylammonium bromide (cetyltrimethylammonium bromide, ctab) caused membranous material, and in some cases apparently intact acrosomes, to be removed from the sperm head. Such detached elements, like the acrosomes of intact sperma¬ tozoa, were strongly stained by the pas and Giemsa techniques. 47 We have now examined the effects of other detergents upon ram spermatozoa. We have improved the methods for detachment of morphologically intact acrosomes and have been able to obtain them as suspensions which are virtually free from spermatozoa. The chemical composition of such acrosomal prepara¬ tions, and that of the material extracted from spermatozoa by alkali, has been determined. The sialic acid content of the semen of a few other species has also been measured.
MATERIALS AND METHODS
Semen was collected twice weekly from a group of about twenty rams, and pooled. The spermatozoa were separated from the seminal plasma within 1 hr of collection and were washed with calcium-free Ringer solution as described by Hathaway & Hartree (1963) . The final suspension was made up in Ringer solution to twice the original semen volume. Spermatozoa were stained with Giemsa solution as described by Hancock (1952) Hartree & Mann (1959) . Residual acid-soluble and acid-insoluble phosphorus in the glycoprotein fractions were separated by heating the fractions with 5% trichloroacetic acid for 1 hr at 95°C and filtering. Total phosphorus was estim¬ ated by King's (1932) procedure; inorganic phosphorus was determined in the same way except that heating with perchloric acid was omitted.
Neutral sugar in intact glycoproteins was determined by the orcinol method (Vasseur, 1948) . To assay individual sugars, including amino sugars, the glyco¬ proteins were hydrolysed with a suspension of Dowex 50 X8 resin in 0-15 N-HC1 (Anastassiadis & Common, 1958; Hartree, 1964) . By this treatment neutral sugars are obtained separately from amino sugars. Preliminary experi¬ ments showed that heating with resin for 30 hr at 100°C gave optimum release of sugars. The resulting solution of neutral sugars was brought to pH 5-5 with Amberlite IR-45, filtered and evaporated to dryness over KOH in a vacuum desiccator. The individual sugars were separated by descending paper chrom¬ atography, in ethyl acetate-pyridine-water (8 : 2 : 1 by vol), and eluted and analysed as described by Whistler & BeMiller (1962) . Total amino sugars were analysed as described by Hartree (1964) and the ratio of galactosamine to glucosamine was measured by Garden's (1953) method. Results were cor¬ rected for losses incurred during resin hydrolysis of individual sugars. Burton's (1956) method for estimating DNA, but with deoxyribose standards, was used for determining bound deoxyribose in alkaline extracts of spermatozoa. Since only purine-bound deoxyribose reacts in this procedure (Lovtrup & Roos, 1963) analytical figures were doubled to give total bound deoxyribose.
Sialic acid was released from semen, seminal plasma and glycoproteins by heating them for 1 hr at 80°C in 0-1 N-H2SO4. It was then determined by Aminoff's (1961) thiobarbituric acid method. To avoid interference from deoxyribose derivatives, spectrophotometric readings were made at two wave¬ lengths as described by Warren (1959a Representative data based upon Lovern, Olley, Hartree & Mann (1957) and Hartree & Mann (1959 , 1961 (Flartree & Mann, 1959 , 1960 , 1961 . 0-9 3-9 5-9 2-8 6-2 0-9 2-9 1-0 1-4 2-0 5-0 3-0 3-7 5-9 3-5 3-7 3-7 0-4 2-9 1-0 2-1 4-5 1-4 1-8 1-0 3-7 6-3 2-8 6-2 1-9 3-1 1-0 1-0 2-0 5-0 3-1 3-8 4-9 2-8 3-7 3-7 0-6 2-9 1-0 2-1 4-2 1-6 2-0 Burton's (1956) Warren (1959b) has published analyses of human semen for sialic acid. These are included in Table 6 which summarizes our findings with semen from bulls, rams, rabbits and cocks. In all cases the sialic acid is present mainly in the plasma. No free sialic acid has been detected in fresh material. In the case of washed ram spermatozoa it seems unlikely that the sialic acid is contributed by Table 6 are comparable with those of ram spermatozoa, but since the sperm density of bull semen is, on average, only one third that of ram semen (Mann, 1954) Certain differences between A and must be considered. The significant differences between the total sugar contents of the two fractions (Table 5) may be due to alkali-sensitive linkages between the polysaccharide (or its oligosaccharide components) and the protein (Gottschalk & Graham, 1959; Cook, 1962) . The lower sialic acid content of glycoprotein A is also consistent with the action of an alkaline extraction medium. In addition there is evidence that alkali removes some non-acrosomal material from ram spermatozoa (Hathaway & Hartree, 1963) . We therefore believe that the analyses of glycoprotein are the more reliable guide to the composition of the non-lipid portion of the ram acrosome. Another significant difference between glycoproteins A and B, for which we can offer no explanation at present, is in the levels of glutamic acid.
The acrosomal phospholipid appears to have a composition similar to that of the whole spermatozoon. However, it is not possible to rule out the possibility that treatments with alkali and with detergent may lead to association of acrosomal protein with lipids derived from other parts of the sperm cell.
Mayer and his associates (Thomas & Mayer, 1949; Mayer, 1955; Miller & Mayer, 1960) have studied a lipoglycoprotein fraction which is removed by alkali from bull and boar spermatozoa. In this material they found cholesterol, phospholipids, protein, glucosamine and glucuronic acid. In our experiments a wider range of sugars was detected but the quantities of uronic acid in glyco¬ proteins A and from ram spermatozoa were too low for assay. However, Mayer washed spermatozoa with water, freeze-dried them, and extracted them with alkali in a tissue grinder; treatments which may influence the nature of the material extractable by alkali. Miller & Mayer (1960) Gottschalk, 1954; Eylar, Madoff, Brody & Oncley, 1962) . Neur¬ aminidase specifically releases sialic acid from its linkages, in glycoproteins, with either galactose or jV-acetylgalactosamine (Gottschalk, 1957 (Gottschalk, , 1960 and it is clear that the negative charge on the erythrocyte is due largely to ionized sialic acid residues.
Mammalian spermatozoa also exhibit a negative charge (Nevo, Michaeli & Schindler, 1961) which is considerably reduced when they are treated with neuraminidase (Fuhrmann, Granzer, Bey & Ruhenstroth-Bauer, 1963 ). Bedford (1963) has found that the negative charge on rabbit spermatozoa decreases as they move through the epididymis from the caput to the corpus. Fuhrmann et al. (1963) also noted that epididymal bull spermatozoa carry a higher negative charge than the spermatozoa in whole semen. This charge rose when spermatozoa were separated from seminal plasma and washed, but fell again when the washed cells were transferred to plasma. Our analyses of bull spermatozoa suggest that these changes are due to absorption of positively charged components of accessory gland secretions rather than to changes in the sialic acid content of the spermatozoa. According to Nevo et al. (1961) the tails of bull spermatozoa carry a higher negative charge density than the heads.
Until the distribution of sialic acid in bull spermatozoa has been determined a clear interpretation of these results is not possible. However, the observed loss of sialic acid when glycoprotein is prepared from bull spermatozoa (see above)
is consistent with the presence of non-acrosomal sialic acid. On the basis of their electrophoretic experiments Fuhrmann et al. (1963) calculated that the sialic content of bull spermatozoa could vary between 3-8 and 9-6 IO-8 µg per cell. Our estimate, based upon the mean sperm density of semen from a Friesian bull (Table 6) , is 4-3 X 10~8 µg while Warren (1959b) gave the value 6·5 X IO-8 µg for the human sperm cell.
The hyaluronic acid in the corona cells of the unfertilized ovum con¬ tributes a negative charge that will exert a repellent effect upon a negatively charged sperm cell. Factors which would tend to nullify this effect are sperm motility and reductions in the charge densities. It has been pointed out above that the negative charge on the spermatozoon may become reduced in vivo by adsorption of positive ions. Our finding that neuraminidase can be extracted from the mucosa of the rabbit uterus raises the possibility that reduction of charge on the spermatozoon may also occur in the uterus by release of sialic acid from sperm glycoproteins.
